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ABSTRACT 



An apparatus for tracking items in a factory is disclosed. The 
apparatus is partially well suited for manufacturing envi- 
ronments wherein there are a plurality of items to be kept 
together in groups. Hie invention is particularly useful in 
semiconductor' processing facilities wherein batches of 
semiconductor wafers to be processed are placed in wafer 
carriers which are, in turn, placed in work-in -progress boxes. 
Applying identification tags to one item that can be read and 
processed by a micro terminal attached to the other item 
provides an effective way to prevent improper grouping of 
the items which can lead to misprocessing or handling of the 
batches of wafers. 

28 Claims, 11 Drawing Sheets 
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METHOD FOR ELECTRONICALLY 
TRACKING CONTAINERS TO AVOID 
MISPROCESSING OF CONTENTS 

BACKGROUND OF THE INVENTION 

Summary of the Invention 

The present invention relates to a system for providing 
wireless communication between various items located in a 
factory. More specifically, the system provides both the 
function of tracking the location of items equipped with 
microterminals and also provides the function of providing 
direct communication between microterminals and between 
a central controller and microterminal. 

The apparatus of the present invention is particularly 
suitable for use in semiconductor manufacturing facilities. 
In such facilities, wafer carriers and work-in-progress (WIP) 
boxes are used to transport semiconductor wafers from one 
work location to another. Each wafer carrier in the factory is 
typically paired with the WIP box which is designed to 
contain the wafer carrier and its contents to prevent con- 
tamination of the semiconductor wafers. In one 
embodiment, the apparatus includes a microterminal 
attached to the WIP box and a micro terminal attached to the 
wafer carrier. In other embodiments, a microterminal is 
attached to either the wafer carrier or the WIP box and an 
identification tag is attached to the other of the WIP box or 
the carrier. The identification tag could be in the form, for 
example, of a bar code label or in the form of an electronic 
tag. In either event, the microterminal must be equipped in 
such a way that it can "read" the data of the tag. In any of 
these embodiments, there is communication of identification 
information to at least one microterminal for purposes of 
establishing and verifying that the proper wafer carrier is 
located within the proper WIP box. 

In addition to the basic elements of the system outlined 
above, the system may also include a plurality of transceiv- 
ers mounted strategically throughout the factory. The trans- 
ceivers are hardwired to a system controller. The transceiv- 
ers can then be used to communicate information between 
the system controller and the microterminals in the factory. 
The system is also designed so that the microterminals and 
transceivers can be used to track the location of microter- 
minals within the factory. One system similar to the present 
invention is described in U.S. Pat. No. 5,742,238, which is 
hereby incorporated by reference. While the system 
described there is very suitable for tracking the location of 
rmcroterminals in the factory and for providing two-way 
communication between the microterminals and central con- 
troller via the transceivers, that application does not disclose 
the exchange of identification information between micro- 
terminals and/or tags attached to a pair of containers, such 
as a WIP box and a wafer carrier, that are intended to work 
in tandem. The primary advantage contemplated by the 
subject invention here is to prevent misprocessing of the 
wafers because of inadvertent mixing of WIP boxes and 
wafer carriers. 

A greater understanding of the present invention and its 
many advantages can be derived from a review of the 
following detailed description of the invention, the drawings 
contained herein, and the claims set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the arrangement of 
various interconnected components of the factory commu- 
nication and tracking system of the present invention. 
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FIG. 2 is a drawing showing a front and side view of the 
exterior of the microterminal of the present invention. 

FIG. 3 is a schematic of the controller circuit of the 
microterminal shown in FIG. 2. 
5 FIG. 4 is a schematic diagram of the connector used to 
connect the switches of the microterminal to its control 
circuit. 

FIG. 5 is a schematic diagram of the infrared receiver of 
0 the microterminal shown in FIG. 2. 

FIG. 6 is a schematic diagram of the infrared demodulator 
of the microterminal shown in FIG. 2. 

FIG. 7 is a schematic diagram of the infrared transmitter 
of the microterminal shown in FIG. 2. 
15 FIG. 8 is a schematic diagram of the auxiliary port which 
can be used to communicate data to the controller of the 
microterminal shown in FIG. 2. 

FIG. 9 is a schematic diagram of the auxiliary memory 
and timing circuit of the microterminal shown in FIG. 2. 

20 

FIG. 10 is a schematic diagram of the circuit used by the 
controller of the microterminal to generate audible signals. 

FIG. 11 is a schematic diagram of the power processing 
circuit of the microterminal shown in FIG. 2. 
25 FIG. 12 is a schematic diagram of the circuit used to 
control the contrast of the LCD display of the microterminal 
shown in FIG. 2. 

FIG. 13 is a schematic diagram of the LCD display 
connection of the microterminal shown in FIG. 2. 
30 FIG 14 is a schematic diagram showing an inner con- 
tainer having a microterminal attached thereto, and an outer 
container having an identification device attached thereto. 

FIG. 15 is a block diagram showing the communication 
35 paths between the outside container tracking device, the 
inside container tracking device and the central controller. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

40 FIG. 1 is intended to show the arrangement of various 
hardware components of a typical installation of the present 
invention. Such an installation is described in further detail 
in U.S. Pat. No. 5,742,238. As shown in FIG. 1, local area 
network 1 is established using Ethernet Ten-Base-T wiring. 

45 Attached to the local area network is a file server 2, a CIM 
(computer integrated manufacturing) terminal 3, a number 
of client application computers 4, one or more computers 5 
configured to control processing equipment within the 
factory, and a system controller 6. Wired to the system 

50 controller 6 can be one or more optical character readers 7, 
one or more bar code readers 8, and a plurality of infrared 
transceivers (IRTs) 9. In a typical arrangement, the IRTs 9 
are mounted in the ceiling of the factory or on one of the 
processing tools 10. The system also includes a number of 

55 microterminals 12. Given this arrangement, messages can be 
sent through the system controller 6 and IRTs 9 to the 
microterminals 12 from the server 2, any of the client 
applications 4 (through the server 2), or the CIM terminal 3 
attached to the local area network 1 (through the server 2). 

60 FIG. 2 shows the exterior of microterminal 12. As shown, 
it includes a liquid crystal display 20, four push buttons 22, 
24, 26 and 28, a beeper 30, and lenses 32, 33 and 34 for the 
microterminaFs IR light generator and detector. 

The design of the microterminal 12 allows it to perform 

65 many different functions. Its primary purpose is to serve as 
a portable, wireless, electronic terminal, the use of which 
allows workers in the factory to communicate with the LAN 
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1. The microterminal 12 uses modulated infrared light as a used to power the LCD display 20, the microcontroller 40, 

communication medium and is capable of receiving and as well as the remaining components of the microterminal. 

displaying text and graphic information from the LAN 1 on The contrast of the LCD display 20 is controlled by the 

its display 20. The microterminal 12 is capable of transmit- circuit 100 shown in FIG. 12. 

ting information related to its identity and status as well as 5 The display 20 is connected to the microcontroller 20, the 

operator responses entered on one of four push button LCD contrast control circuit 100 and the power processing 

switches 22-28. The microterminal 12 is also capable of circuit 90. This is all done through jack 120 shown in FIG, 

storing text messages and graphic images and to recall them 13, More specifically, the jack 120 is connected to pins 2-9 

to the display 20 on operator demand. To attract the opera- (DB0-DB7), 24 (VDISP), 33 (DRST), 36 (R/W), 38 (STB) 

tor's attention, the microterminal 12 can also generate 10 and 39 (D/I) of microcontroller 40. Pin 3 of jack 120 is 

audible signals using beeper 30. Still another important connected to the output of LCD contrast control circuit 100 

function of the microterminal 12 is its ability to provide shown in FIG. 12 and power is provided to the display via 

location information to help operators locate, for example, a output VLCD of the power processing circuit 90 shown in 

container to which the microterminal 12 is attached. FIG. 11. 

One preferred embodiment of the electronic systems of 35 -phe display 20 was specifically chosen to reduce energy 

the microterminal 12 will now be discussed with reference consumption. Hence, it is a liquid crystal 32 row by 128 

to FIGS. 3-13. Of course, those skilled in the art will column display. It is capable of displaying 21 characters per 

recognize that other electronic configurations can be used ij ne . The display 20 has its own volatile read/write memory 

without deviating from the invention. As shown in FIG. 3, m( \ ^ has a non-volatile serial read/write memory to hold 

the microterminal 12 includes a CMOS microcontroller 40, 20 j ata neceS sary to translate character codes into display- 

a 3.579545 MHZ internal oscillator 42 under resonator rea dy font images. This display also holds some graphic 

control for accurate timing and data generation, and a images as well as a variety of text messages which can be 

motion sensor 44. The CPU also has firmware to control all displayed. Finally, the display 20 contains a voltage inverter 

functions and operations of the microterminal. system driven by the microcontroller 40 to generate negative 

FIG. 4 shows a jack 46 to which the four membrane 25 voltage potentials required to activate the LCD pixels, 

switches 22-28 are attached. Jack 46 provides inputs to the The IR receiver 50 of the microterminal 20 uses high 

microterminal 40 through pins 15-18 of the microcontroller S p ee d infrared technology to detect and decode 447 kilohertz 

40 (i.e., PB1-PB4) shown on the left-hand side of the modulated IR signals at 880 nanometer wavelengths. The 

microcontroller in 3. conical acceptance angle of the IR receiver is 80° from 

FIG. 5 shows the infrared receiver 50 of the microtermi- vertical. The IR receiver is surrounded by a cover 32 that is 

nal. It includes three photo detectors 52, a transformer 54, 95% transparent to IR energy at 880 nanometer wave- 

and a differential amplifier 56 which compares the output of lengths. Given this configuration, the IR receiver has a range 

the transformer with a known value. Output from the infra- of approximately 20 feet. 

red receiver is fed to an infrared demodulator 60 shown in 35 The micro terminal's IR transmitter 70 is a current mode, 

6. The output of the demodulator circuit is then fed into the high speed, high efficiency, 880 nanometer IR transmitter, 

microcontroller 40 via the microcontroller's input pin 12 The transmitter is pulse modulated at 447 kilohertz by serial 

(+RCV). data encoded in the pulse position modulation (PPM) for- 

To achieve the desired advantages of the present mat. The transmitter has an 80° radiation angle and gener- 

invention, the microterminal 12 must also be used to trans- ^ ates light energy using three semi-conductor devices 74. 

mit infrared signals. The microterminal 12, therefore, The user input system of me microterminal includes four 

includes an infrared transmitter 70 (see FIG. 7). The trans- switches 22, 24, 26 and 28. Each of the four switches are 

mitter 70 receives instructions from the microcontroller 40 momentary contact, conductive rubber push button 

via the microcontroller's pin 11 (ENIR). The EN1R signal switches. Each is able to signal the microterminal 20 to 

from pin 11 opens or closes switch 72 to modulate the output 45 generate messages which are then sent to the IRTs 9 through 

of LEDs 74. the infrared transmitter 70 of the microterminal 12. The 

In addition to the on-board memory of the microcontroller microterminal 12 provides an audible chirp through beeper 

40, the microterminal includes three other RAM memories 30 with each button press. This chirp is generated by the 

80, 82 and 84. These are shown in FIG. 9. Memory 80 is microterminal 40 and, thus, provides positive user feedback 

referred to as time base RAM because the information stored 50 that the signal has been sent. 

therein is principally used for timing and execution of the The power management system (See FIG. 11) of the 

instructions contained in the firmware. Information is trans- microcontroller 40 includes two lithium thionyl chloride 

mitted between RAM chip 80 and the microcontroller 40 via batteries in an AA cell Form Factor. Each cell has the 

the microcontroller's pin 30 (RAMI). The auxiliary RAM capacity of 2100 milliampere-hours at nominally 3.6 volts, 

chip 82 is provided to store messages to be displayed and the 55 The power management system includes circuit protection 

like. RAM chip 82 communicates with the microcontroller against a reversal as well as power filtering and power 

40 via the microcontroller's pin 29 (RAM2). The primary conditioning. The microcontroller 40 of the microterminal 

function of RAM memory 84 is to store font information for 12 is capable of monitoring battery status so that low battery 

display purposes. It communicates with the microcontroller conditions can be reported to both the display 20 and the 

40 via the microcontroller's pins 37 (CK) and 40 (DT). eo factory's central control computer 2. While the batteries of 

The beeper 30 is also controlled by the microcontroller the microterminal 12 are not rechargeable, they are replace - 

40. Pin 14 (Beep) of the microcontroller 40 is used to send able. 

control signals to the beeper causing it to sound. See FIG, The microterminal 12 includes a unique timing system 

10- which is specifically designed to extend battery life. The 

Power processing of the microterminal 12 is handled by 65 timing system, which will be described in further detail 

the circuit shown in FIG. 11. The power processing circuit below, causes the main processing unit to enter a power- 

90 includes a pair of battery connect wires 90 and 92 and is down sleep mode for extended periods of time. The timing 
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system includes a 32,768 hertz ceramic resonator 86 (see second memory location (such as in RAM memories 80, 82 

FIG. 9) which activates the microcontroller 40 of the micro- or 84 or the onboard memory of the microcontroller 40) can 

terminal at pre-defined intervals for routine processing. be used to store an identification code for the second 

The self-test subsystem of the microterminal performs microterminal 12 of the pair of raicroterminals. With such 

basic memory and data checks on power up. It also uses the 5 ^formation stored in memory and with the ability for 

display 20 to report error conditions. If the display 20 is not ™ mmumcatl0n between an V two micro terminals, 

operable, a series of beeps can be generated using beeper 30 *° microterminals can communicate wi* each other to 

, I ~ i J: - . s . a ... determine whether the inner container 102 of a pair of 

to report errors. For example, the microterminal 12 will *, nt : t u~ *u ♦ * • iAjl f( u • 

, . . -r .u c * n aw oft • * containers is within the outer container 104 of the pair, 

generate two beeps if the first RAM memory 80 is not A * -e * j * e u j- * • j • j 

r^ nn A; nn TkraA kaa«i> _ M i j • r- r * r> * * 1 rt A significant advantage of this embodiment is derived 

responding. THree beeps are reported if the first RAM 80 is 10 from ( * ^ ^ each q * ^ microterminals ^ mdudes a 

not returning correct data If four or five beeps are generated be 30 ^ a ^ 2Q ^ e of ^ microter , 

tfus is an indicaUon that there is a problem with the second miaal 12 can cause mis 5eeper 3^ tQ be used tQ ^ ^ 

RAM memory 82. Four beeps means that the RAM is not audible which is activated if an inner container 102 

responding at all. Five beeps means that the RAM is not DOt p^ed with the outer container 104 is placed within the 

returning correct data. Finally, six beeps indicates a failure is outer contamcr 104. The program can also cause display 20 

in the font RAM 84. to provide a visual alarm. Further, because the apparatus 

As suggested above, the operation of the microterminal includes a plurality of IRTs, each comprising a transceiver 

12 is controlled by firmware placed in the micro terminal's positioned in a separate zone of the workplace and coupled 

microcontroller 40 at the time the microterminal 12 is t0 a central controller for two-way communication between 
manufactured. General parameters related to operation of 20 me IRTs and me centra l controller, there can also be two- 

the microterminal 12 will now be described. wav communication between the microterminals 12 and the 

~ . • 1 1-1 ■ -j , T . central controller via the IRTs. This two-way communica- 

Each microterminal 12 is provided with a unique D ^ Us the micrQt£nainals to ^ m ^ ges t0 the 

number that is stored in non-volatile memory. The ID central controller via the IRTs in the event an inner container 

number is used to uniquely identify the microterminal, to ^ 102 QO t paired with the outer container 104 is positioned 

selectively direct data from the system controller 6 to the vnihin said outer container 104. Such messages can be in the 

microtenmnal 12, to determine the microterminal's location, f orm 0 f an alarm code indicating a mismatch. Alternatively, 

and is used by the system controller 6 to determine the the signal can include the identity of the inner and outer 

source of data received from the microterminal. In the containers 102 and 104 which are mismatched so that this 

preferred embodiment, these identification numbers are 16 3Q information is available to the central controller. This capa- 

bit allowing 65,535 unique ID numbers to exist in a single bility is schematically represented in FIG. 15. 

system. The microterminals 12 also have a site code which lt ^ ^ important to note that two-way communication 

is used to differentiate microterminals among 256 distinct between the central controller and microterminal 12 via the 

sites or subsystems, providing 16 million unique microter- ir Ts pcrmits programming messages to be sent from the 

minal designations. 35 conquer to me microterminals 12. Likewise, the 

The location of the microterminals 12 can be effectively central controller can interrogate the microterminals 12 in a 

tracked because each room or distinct area within the factory particular zone to ascertain the identity of the containers in 

is equipped with its own IRT 9, The IRTs 9 are designed to said zone. Further, the microterminals can be reprogrammed 

send out beacons which contain a unique ID number. The based upon instructions received from the central controller 

microterminals 12 use the IRT's ID number in the beacon to 40 via the IRTs. 

determine whether the microterminal 12 has been physically ] n any system that relies upon battery powered units, it is 
moved since it received the last beacon. When the micro- important to conserve battery life. Thus, there are advan- 
terminal 12 determines that it has changed locations, it tages in minimizing communication between the two micro- 
reports to the central control system that it has moved to a terminals 12 attached to a pair of inner and outer containers, 
new location through an infrared transmission to the IRT 9. 45 One approach for doing so is for the two microterminals 12 
Reports by the microterminals 12 are continued in random- 0 f a pair to only communicate with each other when there is 
ized fashion until the central control system acknowledges a detection that the outer container 104 has been closed 
receipt of the location report. The maximum rate for the around the inner container 102. For example, the motion 
location reports is typically once every four seconds for each sensor 44 of the microterminal 12 can be used to detect such 
microterminal. 50 a box closure and trigger the microterminal 12 to commence 
In addition to the ability of a microterminal 12 to com- to a communication. Likewise, the microtenninal 12 can be 
municate with the system controller 6 through the IRTs 9, equipped with a light sensor which causes the microterminal 
each microterminal 12 is also capable of communicating 12 to be activated and commence communication when 
with another microterminal. Thus, the factory can be there is insufficient light. This is particularly useful in 
equipped with a plurality of pairs of containers 100. As 55 connection with microterminals 12 attached to the inner 
shown in FIG. 14, each pair 100 comprises an inner con- container when the outer container is opaque, 
tainer such as a wafer carrier 102 and an outer container such Of course, those skilled in the art will readily understand 
as a WIP box 104. The factory can also be equipped with a that there are less expensive means available for identifying 
plurality of pairs of microterminals, each pair of microter- a container than use of a microterminal 12 of the type 
minals comprising a microterminal 12 attached to the inner 60 outlined above. For example, a container could be labeled 
container (wafer carrier) of a pair and a second microter- with a machine readable message bearing an identification 
minal 12 attached to the outer container (WIP box) of the code. If one container of the pair is labeled in this fashion 
pair. As indicated above, each microterminal 12 has a and the other container is equipped with a microterminal 12 
programmable processor (microcontroller 40) having a plu- capable of reading this code, then all processing required to 
rality of memory locations. One memory location, typically 65 determine proper matching of pairs (or to send an alert in the 
located in the non-volatile memory of the unit, is used to event of a mismatch of pairs of inner and outer containers) 
store an identification code for that microterminal 12. A can be accomplished using a single microterminal 12. 
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In most instances, it is anticipated that such a micro ter- 4. The apparatus of claim 3 wherein said means for 
minal 12 would be positioned on the outer container 104 and accessing the identification code of the first tracking device 
would read such a label positioned on the inner container is a bar code reader. 

102. However, the micro terminal 12 can be placed on the 5. The apparatus of claim 1 wherein at least one of said 

inner container 102 if the outer container 104 is designed so 5 first tracking devices further includes a transmitter for 

that it is transparent to or does not unduly interfere with transmitting an identification signal containing the unique 

signals transmitted between the IRTs and microterminal 12. identification code of said first tracking device. 

Machine -readable codes are well known in the art. One 6. The apparatus of claim 5 wherein the means for reading 

common example is a bar code. When a bar code is used, the the identification code of said first tracking device comprises 

microterminal 12 would thus need to be equipped with a bar JQ a receiver on the second tracking device which receives the 

code reader. identification signal containing the unique identification 

Still another embodiment of the present invention would code transmitted by the transmitter of a first tracking device, 

include the use of a microterminal 12 on one of the con- 7. The apparatus of claim 5 wherein said identification 

tainers and an electronic tag on the other container. Such an signal is transmitted in response to an interrogation signal, 

electronic tag might be what is referred to in the art as a 8. The apparatus of claim 7 wherein said second tracking 

"dumb tag". Such tags are generally not programmable and 15 device further includes a transmitter which transmits an 

have no processing means. However, such tags are capable interrogation signal. 

of transmitting an identification code when interrogated. The 9 - ^ W^atus of claim 1 wherein said alarm is a visual 

transmission signal incorporating the code could be in the alarm wmch 15 activated * an ™™ r container other than the 

form of light pulses, magnetic pulses, R.F. waves or the like. proper inner container is located within the outer container. 

Of course, when such a "dumb tag" is used, the microter- 20 . 10 ™ c „ W?«tiis of c ^ \ wherein said second tracking 

minal would need to be equipped 4h a receiver capable of d f CV1Ce farthcr f cludeS * V1 ^ al f* Tm Wmch 15 also activated 

a- *u a j ... . , . j i_ * it an inner container other than the proper inner container is 

reading the identification code transmitted by the dumb tag. located the omer container 

Those skilled in the art will appreciate the significant u . The apparatus of claim 1 further including a central 

advantages provided by this system in a wide variety of controller. 

manufacturing environments. Although the invention has 12. The apparatus of claim 11 further including a plurality 

been described with reference to certain specific embodi- of first transceivers, each of said transceivers coupled to said 

ments contemplated for use, the manufacture of semicon- central controller for two-way communication between the 

ductors in an environment which uses wafer carriers and central controller and said transceivers, said transceivers 

WIF boxes, this description is not meant to be construed in 3Q strategically positioned throughout the work place, 

a limiting sense. Modifications of the embodiments dis- 13. The apparatus of claim 12 wherein at least one of said 

closed herein, alternative uses, as well as alternative second tracking devices include a second transceiver for 

embodiments will be apparent to a person skilled in the art two-way communication with said first transceivers, 

after a reading of the disclosure set forth above. It is, 14. The apparatus of claim 13 wherein said second 

therefore, contemplated that the claims as set forth below 35 transceiver of a second tracking device and at least one of 

will cover all embodiments and uses of those embodiments said first transceivers cooperate to indicate to the central 

falling within the scope of the invention as defined by the controller the identity of an inner container located within 

claims. the outer container to which said second tracking device is 

It is claimed: attached. 

1. An apparatus for tracking items in a work place, said 15. The apparatus of claim 1 wherein said microcontroller 
apparatus comprising: of the second tracking device is programmable to change 

(a) a set of inner containers; which of said inner containers is the proper inner container 

(b) a plurality of first tracking devices, each inner con- t0 located within said outer container. 

tainer of said set of inner containers having one of said The apparatus of claim 13 wherein said microcontrol- 

first tracking devices attached to it, each of said first 45 * er °f sa * d second tracking device is reprogrammable based 

tracking devices having a unique identification code to u P on instructions received from the central controller via at 

identify the inner container to which the first tracking l east one of said first transceivers and the second transceiver 

device is attached; of the second tracking device. 

(c) a set of outer containers; 17. An apparatus for tracking items in a work place, said 

(d) a plurality of second tracking devices, each outer 50 a PP aratus comprising: 
container of said set of outer containers having a ( a ) a set of outer containers; 

second tracking device attached to it, each of said (b) a plurality of labels, each outer container of said set of 

second tracking devices having means for accessing the outer containers having one of said labels attached to it, 

identification code of the first tracking device attached each of said labels having a bar code to identify the 

to an inner container located within said outer container 55 outer container to which the label is attached; 

and having a microcontroller for processing a identifi- (c) a set of inner containers; 

cation code to determine whether a proper inner con- (d) a plurality of second tracking devices, each inner 

tainer is located within said outer container; at least one container of said set of inner containers having a 

of said second tracking devices having an audible alarm second tracking device attached to it, each of said 

which is activated if an inner container other than the 60 second tracking devices having means for accessing the 

proper inner container is located within the outer con- bar code of the label attached to an outer container 

tainer. within which said inner container is located and micro- 

2. The apparatus of claim 1 wherein said first tracking controller for processing the bar code to determine 
device is a label and the unique identification code is a whether said inner container is located within a proper 
machine readable code. 65 outer container. 

3. The apparatus of claim 2 wherein said machine read- 18. The apparatus of claim 17 wherein said means for 
able code is a bar code. accessing the bar code of the label is a bar code reader. 
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19. The apparatus of claim 17 further including a central 
controller. 

20. The apparatus of claim 19 further including a plurality 
of first transceivers, each of said transceivers coupled to said 
central controller for two-way communication between the 5 
central controller and said transceivers, said transceivers 
strategically positioned throughout the work place. 

21. The apparatus of claim 20 wherein at least one of said 
second tracking devices include a second transceiver for 
two-way communication with said first transceivers. 10 

22. The apparatus of claim 21 wherein said second 
transceiver of a second tracking device and at least one of 
said first transceivers cooperate to indicate to the central 
controller the identity of a pair of containers comprising an 
inner container located within an outer container. 15 

23. The apparatus of claim 17 wherein said microcontrol- 
ler of the second tracking device is programmable to change 
which of said inner containers is the inner container to be 
located within the proper outer container. 

24. The apparatus of claim 21 wherein said microcontrol- 20 
ler of said second tracking device is reprogrammable based 
upon instructions received from the central controller via at 
least one of said first transceivers and the second transceiver 

of the second tracking device. 

25. An apparatus for tracking items in a work place, said 25 
apparatus comprising: 

(a) a set of outer containers; 

(b) a plurality of first tracking devices, each outer con- 
tainer of said set of outer containers having one of said 
first tracking devices attached to it, each of said first 
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tracking devices having a unique identification code to 
identify the outer container to which the first tracking 
device is attached; 

(c) a set of inner containers; 

(d) a plurality of second tracking devices wherein at least 
one of said second tracking devices includes an alarm, 
and each inner container of said set of inner containers 
having a second tracking device attached to it, each of 
said second tracking devices having means for access- 
ing the identification code of the first tracking device 
attached to an outer container within which said inner 
container is located and a microcontroller for process- 
ing the identification code to determine whether said 
inner container is located within a proper outer con- 
tainer. 

26. The apparatus of claim 25 wherein said alarm is an 
audible alarm which is activated if an inner container is 
located within the outer container other than the proper outer 
container. 

27. The apparatus of claim 25 wherein said alarm is a 
visual alarm which is activated if an inner container is 
located within the outer container other than the proper outer 
container. 

28. The apparatus of claim 26 wherein said second 
tracking device further includes a visual alarm which is also 
activated if an inner container is located within the outer 
container other than the proper outer container. 
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